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2 A. PPRADHAN AND ABHA RAI
Kofman and Ostriker (1992).
The majority of the studies in cosmology involve a perfect uid.
However, observed physical phenomena such as the large entropy per
baryon and the remarkable degree of isotropy of the cosmic microwave
background radiation suggests analysis of dissipative eects in cos-
mology. Furthermore, there are several processes which are expected
to give rise to viscous eects. These are the decoupling of neutrinos
during the radiation era and the decoupling of radiation and matter
during the recombination era. Bulk viscosity is associated with the
GUT phase transition and string creation. The model studied by Mur-
phy (1973) possessed an interesting feature in that the big bang type
of singularity of innite spacetime curvature does not occur to be a
nite past. However, the relationship assumed by Murphy between
the viscosity coeÆcient and the matter density is not acceptable at
large density. The eect of bulk viscosity on the cosmological evolution
has been investigated by a number of authors in the framework of
general theory of relativity (Padmanabhan and Chitre, 1987; Johri and
Sudarshan, 1988; Maartens, 1995; Zimdahl, 1996; Pradhan, Sarayakar
and Beesham, 1997; Kalyani and Singh (1997; Singh, Beesham and
Mbokazi, 1998; Pradhan et al., 2001, 2002). This motivates to study
cosmological bulk viscous uid model.
Recently Bali and Meena (2002) have investigated two tilted cos-
mological models lled with disordered radiation of perfect uid and
heat ow. Meena and Bali (2002) have obtained two conformally at
tilted Bianchi type V cosmological models. Very recently tilted Bianchi
type I cosmological model for perfect uid distribution in presence of
magnetic eld is investigated by Bali and Sharma (2003). In this paper,
we propose to nd tilted Bianchi type I cosmological models lled with
disordered radiation in presence of a bulk viscous uid and heat ow.
2. Field Equations


















where A, B and C are function of t only.













(c = 1, G = 1 in gravitational unit) (2)
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Here , p, p and  are the energy density, isotropic pressure, eective
pressure, ow vector, bulk viscous coeÆcient respectively and v
i
is the




















is the heat conduction vector orthogonal to v
i
. The uid ow
vector has the component (
sinh
A
; 0; 0; cosh) satisfying Eq. (5) and 
is the tilt angle.























































































where the suÆx 4 at the symbols A, B, C denotes ordinary dierenti-
ation with respect ti t.
3. Solutions of the eld equations
Equations (8) - (12) with Eq. (4) are ve independent equations in eight
unknowns A, B, C, , p, , q and . For the complete determinacy of
the system, we need three extra conditions.
We assume the model is lled with disordered radiation which leads to
 = 3p (13)
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4 A. PPRADHAN AND ABHA RAI
and
A = (B C)
n
(14)


























= 8(  p+ 2) (15)


























= 16(p  ) (16)






























where BC = ,
B
C
=  and k is a constant of integration.
























=  16(p  2) (19)




























































where A = 
n

































ia a constant of integration. On integrating Eq. (18) we obtain
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where  is determined by Eq. (24).
By using the following transformation
 = T; x = X; y = Y; z = Z






































































































If we put  = 0 in Eqs. (28)-(29), we get the solutions as obtained by
Bali and Meena (2002).
Thus, given (t) we can solve the system for the physical quantities.
abhasty.tex; 28/01/2003; 17:56; p.5
6 A. PPRADHAN AND ABHA RAI
Therefore to apply the third condition, let us assume the following








and m are real constants. If m = 1, Eq. (33) may correspond




a string-dominated universe. However, more realistic models (Santos,




3.1. Model I: ( = 
0
)
When m = 0, Eq. (33) reduces to  = 
0
and hence Eqs. (28) and (29)























































3.2. Model II: ( = 
0
)
When m = 0, Eq. (33) reduces to  = 
0
 and hence Eqs. (28) and (29)
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4. Some Physical and Geometric Properties of the Models
The ow vector v
i
and heat conduction vector q
i
for the models (26)


























































The non-vanishing components of shear tensor (
ij
) and rotation tensor
(!
ij
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The rates of expansion H
i































































The models in general represent shearing and rotating universes. The
expansion in the models decreases as time increases and the expansion
in the models stops at T = 1. There is a big bang in the models at
T = 0 if n + 1 > 0. There is no rotation in the models for n = 0 but
























. Both density and





the models do not approach isotropy for large values of T for general
value of n and n = 0 also.
5. Particular Models
















where B, C are functions of t alone.
Here we only assume that the model is lled with disordered radiation
which leads Eq. (13). Following Bali and Meena (2002), we obtain, from
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Thus, after the suitable transformation of coordinates, the metric (51)



























The pressure and density for the model (56) are given by




























The scalar expansion  calculated for the ow vector v
i


















Thus, given (t) one can solve the system for the physical quantities.
5.1. Model I: ( = 
0
)
When m = 0, Eq. (33) reduces to  = 
0
and hence Eqs. (57) and (58)























































5.2. Model I: ( = 
0
)
When m = 1, Eq. (33) reduces to  = 
0
 and hence Eqs. (57) and (58)
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6. Some Physical and Geometric Properties of Particular
Models
The non-vanishing components of shear tensor  ij and rotation tensor
!
ij

































































































































































The rate of expansion H
i










2(T + k)(T   k)
2
; (76)
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2(T   k)(T + k)
2
: (77)
The models start with a big bang at T = k and the expansion in the
models decreases as time increases and the expansion in the models
stops at T = 0. The x-component of the Hubble parameter is zero due
to the assumption of metric. However, the y and x components become








Hence the models do not approach isotropy for large values of T . When
T ! k, q
1
!  1 and q
4
is constant. There is a singularity in the





is zero at the singularity T = k.
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